Objective: Recent advances in multidetector row computed tomography (MDCT) have made it possible to diagnose coronary stenosis with high sensitivity. However, coronary arterial tonus has not been considered when reading MDCT. We hypothesized that MDCT can document fluctuant tonus of the coronary arteries. Methods: The study population consisted of 39 consecutive patients who underwent MDCT twice in our institution with 64-row dual-source MDCT. Measurements were performed with stretched multiplanar reconstruction images using the full width at half maximum method. The coronary arteries were measured at each segment, and the same measurement was performed in the ascending aorta and the left internal thoracic artery (ITA). The percent diameter changes between the first and second measurements were examined in each segment of the coronary arteries and compared with those in the aorta or the ITA. Results: The average percent diameter changes were statistically equivalent between the coronary arteries and the aorta or the ITA. On the other hand, the percent diameter changes in distribution were significantly larger in the coronary arteries than those in the aorta or the ITA. This suggests that the diameter of the coronary arteries is liable to show variation compared to that of other arteries. Conclusion: This study confirmed for the first time that coronary arteries can fluctuate substantially and that these changes can be documented by MDCT. Changes in coronary arterial tonus should therefore be considered when reading MDCT.
Introduction
For the diagnosis of organic stenosis in the coronary arteries, coronary angiography is the gold standard because it allows for the accurate detection of narrowing in each coronary arterial segment. Recent advances in multidetector row computed tomography (MDCT) have made it possible to use it for the diagnosis of coronary stenosis for the same purpose, with high sensitivity and specificity, nearly equivalent to that of the invasive coronary angiography, although there have sometimes been discrepancies in the findings between coronary angiography and MDCT examinations. [1] [2] [3] [4] [5] [6] [7] [8] MDCT is also used to estimate anatomical changes or tissue volumes in various organs. [9] [10] [11] Coronary spasm is an important cause of ischemic heart disease in general, and is especially common in Asian countries, including Japan. [12] [13] [14] Coronary artery spasm is difficult to detect by MDCT examination because of its special characteristics. 13 For example, coronary spasm transiently occurs most often from midnight to the early morning, and least often in the afternoon, due to the circadian variation of the tone submit your manuscript | www.dovepress.com Dovepress Dovepress 328 anan et al of the large coronary artery in most patients with coronary spastic angina. However, we recently found two cases that showed severe coronary spasm detected by chance with MDCT examination. 15, 16 After these reports, we found similar cases during usual clinical practice, and hypothesized that these cases might not be so rare. We further hypothesized that the coronary artery tonus might be dynamically changed or fluctuate in patients with ischemic heart disease in general, and that these changes may not be limited to patients with coronary spasm definitely diagnosed by the intracoronary acetylcholine infusion test and other methods.
MDCT has recently become a very sensitive modality for detecting the coronary arterial diameter, and it could possibly detect the coronary artery tonus to some extent, although it has been considered that the MDCT examination is not a suitable method for evaluating the coronary tonus. 16 In order to define whether fluctuation of the coronary artery tonus can be detected by MDCT examination, we retrospectively compared the changes in the coronary artery diameter with those in other arterial diameters by serial measurements with MDCT examinations.
Methods study population
Among 2,940 patients who underwent MDCT examinations between June 2007 and February 2009 at Jikei University Hospital using the following modality, this study retrospectively evaluated 39 consecutive patients who were examined twice at different times by chance. MDCT was performed in these patients because of a suspicion of angina pectoris due to clinical symptoms, electrocardiogram (ECG) changes, blood biochemical findings, and other reasons, and because of the follow-up analyses needed after percutaneous coronary intervention. The timing of the MDCT examination was decided by each attending physician for individual patients. Patients with coronary bypass surgery, acute coronary syndrome, Kawasaki disease, renal dysfunction (serum creatinine $1.5 mg/dL), allergies to contrast medium, or in unstable hemodynamic condition were excluded from this study. For the diagnosis by MDCT examination, written informed consent was provided by all of the patients studied. This study conformed to the ethical guidelines of the 1975 Declaration of Helsinki, as reflected in the a priori approval by the institution's human research committee (approval number: 22-192 6369).
Protocol for MDCT examination
We used a 64-row dual-source MDCT (Somatom Definition; Siemens Healthcare, Erlangen, Germany) for the evaluation of coronary arteries in the present study. 3, 4, 17 This MDCT was equipped with two X-ray tubes and two corresponding detectors, which were mounted onto a rotating gantry with an angular offset of 90°, and which provides high temporal and spatial resolutions. The patients were centrally placed in the scanner to ensure that the entire heart was covered by the smaller field of view of the second tube detector array. Coronary computed tomography (CT) angiography was performed with a collimation of 32 mm×0.6 mm, a slice acquisition of 64 mm×0.6 mm by means of a Z-flying focal spot, a gantry rotation time of 330 ms, a helical pitch of 0.20-0.39 adapted to the heart rate (from 38 to 95 bpm [64.2±11.4 bpm]), tube current of 80 mAs per rotation, and tube potential of 120 kV. For the contrast-enhanced scan, 0.7 mL/kg of contrast media (iopamidol, 370 mg/mL; Bayer AG, Leverkusen, Germany) was injected at 0.07 mL/kg/second (the lower limit was 3.5 mL/second and the upper limit was 5.0 mL/second), followed by 30 mL of normal saline. Nitroglycerin inhalation was used for all patients, except for those who had systolic blood pressure ,100 mmHg (four patients). We did not newly initiate the use of a beta-blocker for MDCT examination, irrespective of the patients' heart rate. The start timing was automatically defined using a bolus tracking program, and the image acquisition began when the CT density reached the threshold value (120 Hounsfield units) at the base of the aorta. All scans were performed during a single breath hold. The scanned data were reconstructed using algorithms optimized for retrograde ECG-gated reconstruction in diastole. The reconstructed image data were transferred to a commercially available workstation (Aquarius NetStation iNtuition Edition; TeraRecon, Inc., San Mateo, CA, USA) for further analysis.
estimation of the arterial diameters with MDCT
In individual patients, coronary artery segments were defined according to the 15-segments model widely accepted for the American Heart Association classification. 18 We then evaluated two segments in the right coronary artery (#1, ostium lesion; and #3, just before the branching posterolateral artery), left main trunk (#5, prior to the left descending artery), four segments in the left anterior descending artery (#6, just after the circumflex artery; #7, just after the branching of the first diagonal artery; #8, just after the branching of the second diagonal artery; and #9, the first diagonal artery just after the branching from the left descending artery), and two segments in the left circumflex artery (#11, just 
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Coronary arterial tonus documented by MDCT after the branching the left descending artery; and #13, just after the branching of the obtuse marginal). Measurements were performed with stretched multiplanar reconstruction cross-section images in each segment using the full width at half maximum (FWHM) method, which was validated previously. 17, 19 In brief, along the central line of the crosssection images, the profile of the CT density was constructed, and the FWHM of the profile was automatically determined as the diameter (Figure 1 ).
Coronary arterial segments with stent implantation, marked plaque formation, and calcification were excluded from the measurement. The diameters of the left internal thoracic artery (ITA) (almost the same height as the left main trunk) and the aorta (almost at the sinotubular junction) were also measured using the same method as was used for the coronary arteries. Careful attention was paid to measure the diameter of exactly the same portion of the coronary artery in the two MDCT examinations. In individual patients, the changes in the diameter of the arteries between the first and the second MDCT examinations were calculated for each coronary artery segment. For the aorta and ITA, the diameter was calculated in the same way.
The change in the arterial diameter (%) was calculated according to 
Similarly, the absolute value of the diameter change (%) in each segment of the coronary artery was calculated using the value obtained from Equation 1.
statistical analysis
All the data were expressed as the means ± standard error of the mean. Continuous variables were analyzed using Student's t-test, and the frequency distributions of these values were compared using the F-test in the statistical analyses. Categorical data were analyzed using the chi-square test, with the significance level set at P,0.05. All of the statistical analyses were performed using the IBM SPSS software program, version 22 (IBM Corporation, Armonk, NY, USA).
Results

Patient characteristics
The baseline characteristics of the 39 study patients are summarized in Table 1 . The average time elapsed between the first and the second MDCT examinations was 318±121 days (74-610 days). Table 2 shows the medications that the patients were receiving at the first and second MDCT examinations (see Table S1 , which demonstrated the details of the medications being administered to each patient).
Representative images of coronary artery and ITA from the first and the second MDCT examinations Figure 2A shows the typical findings of representative coronary diameter changes. Figure 2Aa and Ab show the longitudinal and cross-sectional images of the coronary (circumflex) artery from the first MDCT examination. The cross-sectional image was constructed at the portion indicated The first MDCT 
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Coronary arterial tonus documented by MDCT by a white bar. Figure 2Ac and Ad show the longitudinal and cross-sectional images of the coronary artery from the second MDCT examination in the same patient. The coronary diameters were clearly changed between the first and second examinations in this patient. Figure 2B shows the representative images of the ITA diameter in the same patient as Figure 2A . Figure 2Ba and Bb show the longitudinal and cross-sectional images of the ITA from the first MDCT examination, and Figure 2Bc and Bd show the longitudinal and cross-sectional images from the second MDCT examination. The ITA diameter was similar between the first and second examinations.
Raw data of the changes in coronary artery diameter among all patients Figure 3 shows the average changes in coronary artery diameter for all 39 patients. The percent diameter changes in the aorta, the ITA, and the coronary arteries (#1, 3, 5, 6, 7, 8, 9, 11, 13) are presented (see Figure S1 , which demonstrates the raw data for all patients).
Comparison of the average and distribution of the arterial diameter changes among the aorta, iTa, and coronary arteries Table 3 shows a summary of the changes in the diameters of the aorta, ITA, and coronary arteries between the first and second MDCT examinations. There were no significant differences in the averages evaluated between the aorta and the coronary arteries, or between the ITA and the coronary arteries, as evaluated by Student's t-test. On the other hand, there was a significant difference in the distribution between the aorta and the coronary arteries, and between the ITA and the coronary arteries in most of the segments, as determined by the F-test. There were only two exceptions at coronary artery #7 and #11 versus the aorta. This result suggests that the diameter of the coronary arteries is more liable to show variation when compared to that of the aorta or the ITA.
absolute changes in each coronary artery segment
To make the findings easier to understand, Figure 4 shows the absolute changes in the diameter of the aorta, ITA, and coronary arteries. These analyses showed that the absolute change of the diameter was significantly larger in the coronary arteries than in the aorta or in the ITA in most of the segments of the coronary arteries.
Discussion
The main findings of the present study are: 1) that MDCT could detect the changes in the coronary artery diameter; and 2) that the changes in the coronary arteries were significantly larger than those in the aorta or the ITA, suggesting that the coronary arteries would be expected to show large fluctuations.
The study population included consecutive patients who underwent MDCT examinations twice because of suspected angina pectoris or as a follow-up examination after percutaneous coronary intervention, including only two patients with a definite diagnosis of coronary spasm (patient numbers 26 and 32). Therefore, the present results suggest that coronary artery tonus is liable to exhibit variation in patients with ischemic heart disease in general. This result may support the idea that coronary spasm widely contributes to the pathogenesis of many kinds of ischemic heart disease in the Japanese population, which may be different from what is found in Western countries. 13 MDCT examination can currently be used for the diagnosis of atherosclerotic organic stenosis. In previous studies, there was a relatively high rate of "false positive" detection of organic stenosis with MDCT examination when compared to that observed by coronary angiography. 4, [20] [21] [22] [23] The reasons were thought to be due to the high sensitivity of the MDCT examination to calcification, atherosclerotic changes, movement artifacts, or other types of artifacts. However, the current study shows that organic stenosis examined with MDCT would be overestimated if it was not taken In the study patients, the attending physicians of the individual patients carefully selected the drugs and changed them according to the patients' condition, such as based on the patients' clinical symptoms, blood pressure, heart rate, side effects, and other findings. The drugs being taken were thus naturally diverse among the study patients, and between the first and second MDCT examinations. All arteries in the body, including the aorta, the ITA, and the coronary arteries, would be simultaneously exposed to the drugs. Thus, the main finding of the present study that the coronary artery fluctuates more when compared to the other arteries is not due to drug effects. We found that six patients were taking different potentially relevant drugs between the first and second MDCT examinations. We therefore reanalyzed the data after excluding these patients, but reached a similar conclusion as had been obtained with the original analysis, especially when comparing the ITA (Table S2 ). Nitroglycerin inhalation was used for coronary dilation before the MDCT examination in all patients, except for those who had systolic blood pressure ,100 mmHg (four patients). We also reanalyzed the data without these patients, and these data were also similar to those for all patients (Table S3 ). Therefore, coronary tonus changes could be detected in this study even in the presence of various drugs. The changes in coronary artery diameter estimated by MDCT examination cannot be thought to be a result of atherosclerotic progression or regression because the elapsed time between the first and second measurements was relatively short (318±121 days), and because positive and negative changes in values were mixed in individual patients ( Figure S1 ). Therefore, it is reasonable to conclude that the present results indicate that the changes in diameter were due to differences in the coronary arterial tonus.
limitations of the study
Although we excluded arterial segments with marked plaque formation and calcification from the measurement, the present results might have been affected by the changes in coronary atherosclerosis between the first and second measurements. This study was performed with a retrospective analysis, involving a limited number of patients diagnosed with or suspected to have ischemic heart disease, and we included patients with previous myocardial infarction, in whom atherosclerosis might have been progressive. This could have led to some selection bias in the study population.
Conclusion
The coronary artery diameter was dynamically changed and had fluctuated in patients with ischemic heart disease in general. MDCT can detect these changes. Coronary arterial tonus changes should therefore be taken into consideration when examining MDCT findings in patients with ischemic heart disease. For personal use only. For personal use only.
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